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Introduction
The state-of-the-art technology for CSG produced water management currently includes pre-63 treatment (e.g. coagulation, pH adjustment, ultra-(UF) or micro filtration) and reverse osmosis 64 (RO) [4, 6, 10] . RO can achieve about 75% water recovery, depending on the salinity (hence 94 The pilot treatment train consisting of UF pre-treatment, RO filtration, and MED used in this were installed before the RO membrane modules for their protection from accidental intrusion of 105 small objects or suspended solids to the feed reservoir. This is the standard design in an 106 industrial RO system.
Materials and Methods

93
Pilot treatment train
107
The pilot MED system ( Figure 1c ) was designed and constructed by Sasakura Engineering Co.,
108
(Osaka, Japan). It consisted of a heating chamber, an evaporating chamber, and a condenser. The 109 system was equipped with a supervisory control and data acquisition (SCADA) system, and thus, 110 was fully automated. 
Experimental protocol
114
CSG produced water was collected and used immediately from a pilot gas well in the Gloucester
115
Basin located along the lower north coast of New South Wales (Australia). The produced water 116 was from a gas well known as Waukivory 03, which was being flow tested to assess gas 117 production and the variability in produced water quality [17] . This CSG gas field is in a coal 118 basin, generally described as part of the Hunter Coalfields or the Northern Sydney Basin [18] .
119
The UF system was operated in the dead end mode. Each filtration cycle consisted of 17 minutes 120 of production, followed by 40 seconds of air scouring and 30 seconds of back-flushing. The blocking. An industrial grade anti-scalant (Osmotreat, Osmoflo, Adelaide, SA, Australia) was 123 added to the UF filtrate to obtain 5 mg/L prior to RO filtration. The feed flow rate to the RO 124 system was 1 m 3 /h and the transmembrane pressure was set at 17 bar to obtain 76% water 125 recovery, which is comparable to a full scale system typically deployed for CSG produced water 126 treatment. The RO brine was fed into the MED system via an equalising tank. The MED system was operated continuously throughout the pilot program. The temperature and The overall water balance of this pilot programme is shown in Figure 2 . Water recovery of the 
Scaling assessment and effectiveness of chemical cleaning
218
The risk of RO and MED scaling can also be assessed by comparing the analytically measured formation of a thin layer of precipitate on the sight glass can be attributed to the high affinity of 235 silica to glass, which also contains a large portion of SiO 2 in its chemical composition.
236
It is noteworthy that no evidence of scaling on the evaporative tubes could be observed when the 237 evaporative chamber was inspected at the end of the pilot program. This observation is consistent 238 with the very low concentration of sparingly soluble minerals in the RO brine (Table 2) .
239
Chemical cleaning using 0.3 M sulfamic acid followed by 0.9 M sodium hydroxide was 
254
The TDS of the produced water used in this pilot study was 2.51 g/L and consisted mainly of the overall fresh water recovery of 95%.
262
In this study, the conductivity of the raw produced water was 4.449 mS/cm (Table 1) , and UF increased the brine conductivity most notably by 71% (Figure 5a ). 
Feasibility consideration
313
Results reported here demonstrate the technical feasibility to achieve a water recovery of 95% by 
